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Description 

The present invention relates to both a method for 
improving the gas barrier properties of polymeric con- 
tainers and to the improved container itself. More partic- 
ularly, the invention involves a technique for applying 
selected barrier coatings to selected polymeric contain- 
ers to effectively and economically reduce the permea- 
tion of gases into or out of the containers. 

PAC K QPQUND QF THE INVENTION 

Plastics have found ever increasing use as replace- 
ments for glass and metal containers in packaging, espe- 
cially of foods and beverages. The advantages of such 
plastic packaging includes lighter weight, decreased 
breakage versus glass and potentially lower costs. How- 
ever, the gas-barrier properties of even reasonably good 
barrier plastics such as polyethylene terephthalate and 
polyvinylchloride are inadequate for many purposes. 
This inadequacy is particularly acute with small contain- 
ers of 1/2 liter or less in volume where the surface to vol- 
ume ratio is relatively high, such that many food products 
do not have an acceptable shelf life. Thus, the most wide- 
spread use of polymeric containers has been in the 1 to 
2 liter size, but even with these larger sizes shelf life is 
limited, and there is considerable value in reducing the 
permeability of such containers. Permeation of gases 
through the walls leads to product degradation in the 
form of decarbonation (carbon dioxide loss) from carbon- 
ated drinks and to oxygen ingress and taste change in 
beers and other food products. 

Barrier coatings have been applied onto plastic con- 
tainers in order to reduce their permeability. Not surpris- 
ingly, it has heretofore been thought necessary to 
maximize the area of the container that is coated with 
these barrier materials in order to achieve satisfactory 
results. US-A-4 51 5 863 (Cobb et at.) discloses the coat- 
ing of an entire polyethylene terephthalate (PET) bottle 
uniformly with polyvinylidene chloride (PVDC). US-A-4 
534 995 (Pocock et al.), US-A-4 525 377 (Nickel et al.) 
and Japanese Kokai 60-2361 (Kuraray Co., Ltd.) all dis- 
close pre-coating PET parison preforms with PVDC or 
with ethylenevinylalcohol (EVAL) barrier materials prior 
to blow molding bottles, in every case these parisons are 
coated right up to the neck thread area, whereby the final 
blow molded bottle has virtually its entire external sur- 
face coated. US-A-4 478 874 (Hahn) discloses vapor 
deposition of inorganic oxide barrier coating to the entire 
external surface of PET containers and bottles. 

BE-A-720 098 discloses a partial (more than 20%) 
coating of a polymeric container with a gas impermeable 
label and is silent about the gas permeability of the 
uncoated container area. 

The document GB- A-2 205 295 discloses a gas bar- 
rier label on the outer surface of a polymeric container 
to reduce or prevent the egress or ingress of gas but is 
silent about a relation between the gas permeabilities of 
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the container and the label material and about the gas 
permeability of the uncoated container area. 

Polymeric containers are low cost products and 
therefore are very sensitive to the costs of manufacture. 

5 As a result, the industry is constrained from using barrier 
coatings at substantial thicknesses to achieve major 
reductions in permeability. Furthermore, blow molded 
polymeric containers usually have wall portions in which 
the plastic is of non-unrform thickness, such that some 

10 wall portions allow less permeation than other portions. 
Thus, uniformly applied barrier coatings may be waste- 
fully applied to thick areas that already have relatively 
low permeability. It has also been discovered that apply- 
ing some barrier coatings to entire container tends to 

is exacerbate stress cracking problems in small radius 
areas in the base portion of some container shapes. 

It would be desirable to make more economical and 
effective use of barrier coatings for polymeric containers 
while avoiding detrimental side effects. 

20 

SUMMARY OF THE INVENTION 

The present invention circumvents the inadequacies 
described above. It has been found that when gas barrier 

25 coatings of exceptionally low permeability are used, the 
reduction in gas transport through coated areas is suffi- 
cient that substantial portions of a polymeric container 
may remain uncoated, provided that the permeability of 
the substrate polymer of the container is within certain 

30 limits. More specifically, with a substrate polymer having 
a permeability of less than 1 5 cubic centimeters-millim- 
eter per square meter per day per atmosphere, and a 
barrier coating having less than half that of the substrate, 
shelf life of a product sealed in the container can be 

35 expected to be approximately doubled with only 30 to 75 
percent of the surface area of the container coated with 
the barrier coating. 

The areas of a polymeric container that are left 
uncoated in the present invention may be the most trou- 

40 blesome areas, such as complex shaped areas that are 
difficult to coat uniformly, or sharply curved areas that 
are prone to stress cracking when coated. Therefore, 
with the present invention the coating process may be 
simprrf ied by applying the barrier coating only onto areas 

45 of the container that are relatively easy to coat, such as 
the vertical side wall portions. As a result, the need for 
complex combinations of spray nozzles is avoided. The 
barrier material may also be limited to areas on the con- 
tainer that are to be covered by a label or other opaque 

so material, thereby reducing the transparency require- 
ments for the barrier coating. Alternatively, the barrier 
coating may be applied specifically to areas on the con- 
tainer that are known to be more permeable than others, 
such as thin walled areas resulting from the particular 

55 shape of the container, or areas in which the polymeric 
material of the container is less oriented (and thus more 
permeable) due to uneven stretching during the forming 
operation. 



2 



3 



EP 0 605 537 B1 



4 



Not only are economies attained in the process of 
applying the barrier coating, but also the amount of coat- 
ing material is reduced, resulting in further savings. 
Instead of extending shelf life, the present invention can 
be employed to reduce the weight of the container while 
approximately maintaining shelf life. By reducing the 
amount of polymer used in each container, savings result 
that can at least partially offset the cost of the barrier 
coating material, particularly since substantially reduced 
amounts of barrier coating are required. 

In view of the meticulous care taken in most barrier 
coating operations to insure complete coverage, deliber- 
ately coating only a portion of polymeric containers is a 
^ significant departure from the prior art. 

PETAIIEP DES CR I P TION • 



The permeability of the barrier coating and its thickness 
are additional variables that are taken into account The 
above example is just one of many variations that are 
workable. For a 2 liter PET bottle it is estimated that the 

5 shelf life of a carbonated soft drink can be extended from 
13 to 30 weeks by coating only 35 percent of its exterior 
surface with the preferred barrier compositions. For a 2 
liter PET beer bottle, on the other hand, it is projected 
that it would be necessary to coat 70 to 75 percent of its 

10 exterior surface to both retain carbonation and to reduce 
oxygen ingress sufficiently. 

The following examples demonstrate a preferred 
type of barrier coating composition that comprises a 
reaction product of a polyamine and a polyepoxide. 

15 

EXAMPLE 1 



By reasonably good substrate polymers is meant 
those having gas permeability rates for the selected gas 
of less than 15.0 cc-mm per square meter per day per 
atmosphere. Several examples include: polyethylene 
terephthalate (PET) whose permeation values for oxy- 
gen and carbon dioxide are 2.2 and 4.7 respectively; pol- 
yvinylchloride (PVC) whose values are 2.8 and 5.9; 
polyamide whose values are 2.3 and 4.7; and polyacry- 
lonitriie (PAN) whose values are 0.44 and 1.2. Unori- 
ented PVC has a carbon dioxide permeability of 12.0. 
Good transparent barrier coatings have a permeability 
of less than 1 .5 and preferably less than 0.5. Several spe- 
cific examples are polyvinylidene chloride (PVDC) with 
values of 0.04 and 0.12 for oxygen and carbon dioxide 
respectively, ethylenevinylalcohol (EVAL) with values of 
0.05 and 0.12 and polyamine polyepoxide containing at 
least 7% nitrogen with values of 0.19 and 0.10. 

The effect of the present invention can be demon- 
strated by the following calculations. An uncoated half 
liter PET bottle having a surface area of approximately 
60 square inches and an average wall thickness of 12 
mils would typically have a shelf life of about eight weeks 
for a carbonated beverage. Shelf life is generally consid- 
ered to be the time that a carbonated beverage loses 1 5 
percent of its carbonation. Assuming that the PET has 
an average carbon dioxide permeability of 18 cc-mil/100 
square inches/day/atmosphere, it can be calculated that 
the bottle described above would lose approximately 200 
cubic centimeters of carbon dioxide in the eight week 
period. This may be compared to the same PET bottle 
with 70 percent of its area coated with the polyamine- 
poiyepoxide coating of Example 2 below at a thickness 
of 0.5 mil. It can be calculated that the carbon dioxide 
loss from the partially coated bottle in the same eight 
week period is about 70 cubic centimeters. As a result, 
'the partially coated bottle could be expected to have a 
sh elf life on the order of at least twice that of the uncoated 
bottle. 

The specific percentage of the area of the container 
one chooses to coat (e.g., in the range of about 30 to 75 
percent) with a barrier coating will depend upon its ulti- 
mate usage and producer and customer requirements. 



An adduct was made by reacting 7 moles of tetrae- 
thylene pentamine with 6 moles of EPON 828 polyepox- 

20 ide in 1 -methoxy-2-propanol (Dowanol PM). At 33.5 
percent total solids, 230.92 grams of this adduct was 
mixed with 21 .0 grams of diethanoiamine. To this mixture 
was added 36. 1 0 grams of TETRAD X (N, N.N'.N' tetrakis 
(oxiranylmethyl-1,3-benzene dimethanamine, available 

25 from Mitsubishi Gas Chemical Co.), 108.75 grams of 
additional Dowanol PM, and 111.18 grams of 2-butox- 
yethanol (butyl Cellosolve). This composition was 25.0 
percent total solids, had a theoretical amine nitrogen 
content of 1 1 weight percent of the solid reaction product, 

30 and had a theoretical hydroxyl content of 1 2.9 weight per- 
cent. The solvent ratio was 65/35 on a weight basis Dow- 
anol PM/butyl Cellosolve. The composition was applied . 
to 1 mil polypropylene film and baked 15 minutes at 
140°R The film was glossy and hard, and when tested 

35 after several days aging at room temperature exhibited 
oxygen permeability of 0.6 cc-mil/100 inz-day-atmos- 
phere at 30°C, dry conditions, and exhibited carbon diox- 
ide permeability of 0.2 cc-mil/100 itf-day-atmosphere at 
30°C, dry conditions. 

40 

EXAMPLE 2 

This example is the same as Example 1 , except that 
at the point when the TETRAD X was added to the mix- 

45 ture, 6.72 grams of deionized water was also added. The 
resulting oxygen permeability of the film was 0.31 cc- 
mil/1 00 in2-day-atmosphere at 30°C. dry conditions, and 
the carbon dioxide permeability was 0.03 cc-mil/1 00 in 2 - 
day-atmosphere at 30°C, dry conditions. 

so Another type of barrier coating that may be used with 
the present invention are coatings of metal oxides such 
as silicon oxide as disclosed in U.S. Patent No. 
4,478,874, the disclosure of which is incorporated by ref- 
erence. Such coatings may be applied to a polymeric 

55 substrate in a vacuum chamber where a silicon monox- 
ide source is vaporized and ionized into a plasma by an 
RF energy source, and the plasma is caused by an elec- 
tric field to impinge onto the substrate with sufficient 
energy to imbed SiO ions into the surface of the sub- 
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strata The container being coated may be rotated during 
deposition if desired. Because of the complexity of apply- 
ing this type of barrier coating, they are not as desirable 
as the polyamine-polyepoxide type of coatings. 

Yet another type of barrier coating that may meet the 
permeability requirements of the present invention, 
although inferior to the polyamine-polyepoxy coatings in 
other respects, are the polyvinylidene chloride coatings 
of the type disclosed in U.S. Patent No. 4,515,836, the 
disclosure of which is incorporated by reference. 

Although the present invention has been described 
with reference to specific details, it is not intended that 
such details should be regarded as limitations upon the 
scope of the invention, except as to the extent they are 
included in the accompanying claims. 

Claims 

1 . A polymeric container coated on 30 to 75 percent of 
its exterior surface with a barrier material whose gas 
permeability is less than half that of the polymer 
itself, leaving uncoated an area of the polymeric con- 
tainer having an average carbon dioxide permeabil- 
ity of less than 15 cubic centimeters-millimeter per 
square meter per day per atmosphere. 

2. The container of claim 1 where the gas permeability 
of the barrier material is less than 0.2 cc mm per 
square meter per day per atmosphere. 

3. The container of claim 1 where 30 to 60% of theexte- 
rior surface is coated with the barrier material. 

4. The container of claim 1 wherein 30 to 50% of the 
exterior surface is coated. 

5. The container of claim 1 wherein the polymer is 
selected from those materials whose major portion 
consists of polyester, polyvinylhalide, polyamide or 
polyacrylonitrile. 

6. The container of daim 5 wherein the polyester is pol- 
yethylene terephthalate or polybutylene terephtha- 
late or a mixture thereof. 

7. The container of claim 5 wherein the polyvinylhalide 
is polyvinylchloride. 

8. The container of claim 1 where the barrier material 
is a transparent coating. 

9. The container of claim 5 wherein a major portion of 
the barrier material is selected from the group con- 
sisting of polyvinylidenechloride and a polyamine- 
polyepoxide which contains at least 7% nitrogen. 

10. The container of claim 5 wherein a major portion of 
the barrier material is silicon oxide. 



1 1 . The container of claim 1 wherein the polymeric con- 
tainer is a bottle. 

PatentansprOche 

5 

1 . Ein polymerer Behaiter, dessen AuBenf lache zu 30 
bis 75 Prozent mit einem Sperrmaterial beschichtet 
ist, dessen Gasper meabilitat nicht einmal halb so 
groB wie die des Polymers selbst ist, wobei ein 

w Bereich des polymeren Behaiters unbeschichtet 
bieibt, der eine durchschnrttliche Kohlendioxidper- 
meabilitat von weniger als 15 Kubikzentimeter-Milli- 
meter pro Quadratmeter pro Tag pro Atmosphare 
aufweist. 

15 

2. Der Behaiter aus Anspruch 1 , worin die Gasper mea- 
bilitatdes Sperr materials geringer als 0,2 cc mm pro 
Quadratmeter pro Tag pro Atmosphare ist. 

20 3. Der Behaiter aus Anspruch 1 , worin 30 bis 60 % der 
AuBenf lache mit dem Sperrmaterial beschichtet ist. 

4. Der Behaiter aus Anspruch 1 , woran 30 bis 50 % der 
AuBenf lache beschichtet ist. 

25 

5. Der Behaiter aus Anspruch 1 , worin das Polymer 
aus solchen Materialien gewahlt ist, deren Hauptan- 
teil aus Polyester, Polyvinylhalogenid, Polyamid 
Oder Polyacrylnitril besteht. 

30 

6. Der Behaiter aus Anspruch 5, worin der Polyester 
Polyethylenterephthalat oder Polybutylenterephtha- 
lat oder ein Gemisch daraus ist. 

35 7. Der Behaiter aus Anspruch 5, worin das Polyvinyl- 
halogenid Polyvinylchlorid ist. 

8. Der Behaiter aus Anspruch 1 , worin das Sperrma- 
terial eine durchsichtige Beschichtung ist. 

40 

9. Der Behaiter aus Anspruch 5, worin ein Hauptanteil 
des Sperrmatierials aus der Gruppe gewahlt ist, die 
aus Polyvinylidenchlorid und einem Polyamin-Poly- 
epoxid besteht, das zumindest 7 % Stickstoff ent- 

45 halt. 

10. Der Behaiter aus Anspruch 5, worin ein Hauptanteil 
des Sperrmaterials Siliziumoxid ist. 

so 11. Der Behaiter aus Anspruch 1, worin der polymere 
Behaiter 10 eine Flasche ist. 

Revendications 

55 1 . Recipient polymere revetu sur 30 a 75% de sa sur- 
face exterieure d'un materiel de barriere, la permea- 
bility au gaz duquel est moins de la moitte de celle 
du polymere meme, en laissant non revetue une aire 
du recipient polymere ayant une permeabilite 
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moyenne & I'anhydride carbonique de moins de 15 
centimetres-millimetre cubiques par metre carr6 par 
jour par atmosphere. 

2. Recipient selon la revendications 1 , dans lequel la 5 
perm6abilit6 du materiel de barriere est moins de 
0,2 cc mm par metre carr6 par jour par atmosphere. 

3. Recipient selon la revendication 1 , dans lequel 30 & 
60% de la surface exteri eure est rev§tue par le mate- 10 
riel de barriere. 

4. Recipient selon ia revendication 1 , dans lequel 30 k 
50% de ia surface exterieure est revetue. 

15 

5. Recipient selon la revendication 1, dans lequel le 
polymere est choisi parmi les materiels dont la plus 
grande partie est form6e par du polyester, du 
halog6nure de polyvinyle, du polyamide ou du poly- 
acrylonitrile. 20 

6. Recipient selon la revendication 5, dans lequel le 
polyester est le terephtalate de polyethylene ou le 
terephtalate de polybutyiene ou un melange des 
deux 25 

7. Recipient de la revendication 5, dans lequel 
l'halog6nure de polyvinyle est le chlorure de polyvi- 
nyle. 

30 

8. Recipient selon le revendication 1 , dans lequel le 
materiel de barriere est un revStement transparent. 

9. Recipient selon la revendication 5, dans lequel une 
plus grande partiedu materiel de barriere est choisie 35 
parmi le groupe consistant de chlorure de polyviny- 
lidene et d'un polyepoxyde de polyamine qui con- 
tient au moins 7% d'azote. 

1 0. Recipient selon la revendication 5, dans lequel une 40 
plus grande partie du materiel de barriere est formee 
par un oxyde de silicone. 

11. Recipient selona la revendication 1, dans lequel le 
recipient polymere est une bouteille. 45 
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